A 41-year-old man with a previous kidney transplant was referred for arterial hypertension and acute renal failure. Initial neurological examination was normal. Laboratory data showed a high serum cyclosporine A concentration. A few hours later, he developed generalised tonic-clonic seizures. The brain computed tomogram was not remarkable, but Glasgow Coma Scale score remained at 8. Mechanical ventilation was required for rapidly progressive hypoxaemia related to Staphylococcus aureus pneumonia and septicaemia. Noradrenaline infusion was needed for only nine hours, with no major drop in mean arterial blood pressure. On day three his Glasgow Coma Scale score was 3/15, with fixed dilated pupils. The brain computed tomogram revealed bilateral hypodense lesions in the posterior areas together with cerebral oedema and the patient was subsequently declared brain dead. We discuss the possibility of a posterior reversible encephalopathy syndrome, likely triggered by a gram-positive septicaemia in addition to other risk factors.
It is now well accepted that so-called "sepsisrelated encephalopathy" is a frequent complication of sepsis. Its severity is extremely variable. Agitation, delirium or somnolence are the most common manifestations 1 . Encephalopathy is associated with altered electroencephalographic activity, but less frequently with neuroimaging changes 1,2 . A complete recovery is possible, while on the other hand, brain death is almost never observed as a direct consequence of sepsis. Brain magnetic resonance imaging (MRI) can reveal cerebral infarcts, localised or diffuse leukoencephalopathy and oedematous changes preferentially located in the posterior territories leading to the recognition of a syndrome known as posterior reversible encephalopathy syndrome (PRES) 3, 4 . This entity has mainly been described in relationship with some clinical conditions (eclampsia, severe arterial hypertension) or treatments (immunosuppressive and antineoplastic agents) unrelated to sepsis. It has been suggested that impaired cerebral blood flow autoregulation is one of the causative mechanisms.
We report a fatal case of cerebral posterior ischaemia that was probably triggered by several factors including sepsis.
CASE HISTORY
A 41-year-old man was admitted to our emergency department with dyspnoea, arterial hypertension and oliguria leading to acute renal failure. He had undergone kidney transplantation more than 20 years previously following the diagnosis of focal glomerulonephritis. Renal function was stable under immunosuppressive therapy with cyclosporine A (CSA) and the patient was usually normotensive. On admission, he was conscious (Glasgow Coma Scale score [GCS] 15/15), but with a high systolic and diastolic pressure (231/123 mmHg). The electrocardiogram was not significantly abnormal. The chest X-ray displayed perihilar congestion and echocardiography revealed mild left ventricular dysfunction. The initial laboratory investigations revealed: serum creatinine 296.14 µmol/l (glomerular filtration rate: 22 ml/min/1.73 m²), CSA plasma concentration 494 ng/ml (usual therapeutic range: 100 to 300 ng/ml). The mean arterial pressure (MAP) was lowered to between 105 and 125 mmHg by nicardipine infusion. Therapy with CSA was discontinued. Twenty-four hours after hospital admission (day two), the patient developed generalised tonic-clonic seizures leading to intensive care unit admission. The brain computed tomogram (CT) performed immediately after this event was unremarkable. However, the patient remained comatose during the following hours with a GCS <8/15. No focal neurological signs were observed and his pupils were not dilated. The arterial blood pressure at this time was 175/98 mmHg (MAP 128 mmHg). The electroencephalogram showed a triphasic wave encephalopathy without epileptiform changes. The patient became hypoxaemic and orotracheal intubation was performed for mechanical ventilation that was started with an FiO 2 at 1.0. The chest X-ray revealed suspected aspiration pneumonia. He progressed rapidly towards septic shock requiring vasopressive support. Methicillinsensitive Staphylococcus aureus was isolated from the sputum and from the blood cultures. Arterial blood pressure was monitored closely by an invasive radial catheter. The initial objective was to maintain a MAP higher than 65 mmHg. This was achieved by using continuous noradrenaline infusion at up to 20 µg/minute. The lowest MAP was 50 mmHg for only 20 minutes. The total duration of noradrenaline infusion was only nine hours and after that, the MAP ranged from 95 to 105 mmHg. On day three, the GCS was 3/15 without any sedative drugs and bilateral mydriasis was noted. The brain CT scan revealed bilateral hypodense lesions in the posterior areas together with cerebral oedema. A few hours later, the patient was declared brain dead according to the clinical, electro-physiological and radiological findings. Post mortem examination could not be obtained.
DISCuSSION
Sepsis-associated encephalopathy (SAE) is a frequent (50 to 70%) and serious complication of sepsis, recognised as an independent prognostic factor; the mortality increases up to 63% when GCS drops below 8 2,5-7 . The pathophysiology is not completely understood and is multifactorial. It includes inflammatory mediators (such as IFNalpha, IL-1 or TNF-alpha), activation of the coagulation cascade, metabolic disturbances and drug toxicity. The development of multiple organ dysfunction including hepatic and renal failure also contributes to the encephalopathy 2,6,7 . Blood-brain barrier disruption is one of the consequences of the inflammatory response induced by infection, but is not the unique explanation for SAE. Interestingly, human data suggest impairment of cerebral blood flow autoregulation as another relevant pathophysiological mechanism to explain the cerebral dysfunction 8 . The clinical presentation of SAE is heterogeneous, ranging from agitation to somnolence. There are no specific diagnostic tests and the diagnosis of SAE is often made after exclusion of other aetiologies. The electroencephalogram can be abnormal, showing different patterns: excessive theta waves, triphasic waves or burst suppression 1,2 . The brain MRI is usually unremarkable, but in some cases may reveal cerebral infarction or oedematous white matter changes occurring in the posterior cerebral areas 3, 4 . The treatment relies essentially on the general and aggressive management of sepsis.
Posterior reversible encephalopathy syndrome is not a specific finding of SAE. PRES was first described in 1996 by Hinchey et al in various clinical conditions, such as immunosuppressive therapy after transplantation, eclampsia, renal nephritis (autoimmune or toxic) and in the setting of severe hypertension 9 . The main clinical findings are headache, vomiting, confusion, seizures and visual impairment. The prognosis is usually good with complete reversibility but, in some cases, when the diagnosis is delayed or the treatment not adequate, the outcome can be worse, with permanent damage [10] [11] [12] . This clinico-radiological syndrome is characterised on brain MRI or CT by white matter oedema most commonly affecting the parietal and occipital lobes but can also spread to other parts of the brain 13 . Like SAE, the pathophysiology is not perfectly understood, but probably involves both impaired cerebral blood flow autoregulation and endothelial damage. The role of hypertension is still debated, as is hyperperfusion or hypoperfusion, in oedema formation. The hypertension/hyperperfusion theory is primarily based on blood pressure exceeding the autoregulation limits of the brain. The treatment goals are to decrease the blood pressure when excessive (MAP between 105 and 125 mmHg), to remove the causative agent and to control seizures 10 .
However, recent observations support the role of systemic toxicity with hypoperfusion in PRES and the PRES-associated hypertension probably represents a physiological response to the hypoxaemic cerebral oedema 14 . A major contribution was made by Bartynski et al, who looked more particularly at the relationships between PRES and infection, sepsis or shock 4 . under these conditions, PRES occurred in 25/106 patients. The most common organisms identified in blood cultures were gram-positive cocci. The role of superantigenrelated T-cell stimulation of cytokine release by gram-positive organisms has been discussed in the genesis of PRES. The extent of brain oedema on MRI was greater in the patients who were considered as 'normotensive' (MAP 95 mmHg). These data support the hypothesis of hypoperfusion/vasoconstriction as a possible mechanism of PRES.
The mechanisms leading to cerebral posterior ischaemia in the present case seem multifactorial. The initial diagnosis is probably PRES associated with hypertension and immunosuppressive therapy by CSA in a kidney-transplanted patient who developed acute renal failure responsible for CSA accumulation. Generalised seizures are commonly described both after CSA supratherapeutic concentrations and PRES. The brain CT that was performed immediately after the episode of seizures did not reveal any specific lesion. This does not exclude the diagnosis of early onset PRES. unfortunately, as new complications appeared, it was impossible to confirm this diagnosis by MRI. In a second step, our patient developed gram-positive (methicillin-sensitive Staphylococcus aureus) septic shock caused by aspiration pneumonia. This latest condition, also a potential cause of PRES, was, in our opinion, the precipitating factor leading to cerebral death through a transient and limited decrease in arterial blood pressure. The common feature between SAE and PRES is certainly impaired cerebral autoregulation, particularly in patients with grampositive sepsis. Although our patient never presented sustained hypotension and required only a short duration of noradrenaline infusion, it can be assumed that this relative hypotension caused irreversible brain injury. While it is now recommended in the Surviving Sepsis Campaign Guidelines to maintain the MAP higher than 65 mmHg in order to avoid tissue hypoperfusion, it appears essential when PRES is suspected in relation to sepsis, to increase mean arterial pressure up to at least 105 mmHg to prevent cerebral ischaemia 15 .
In conclusion, we report an extremely unusual complication of a gram-positive septicaemia, despite adequate supportive and haemodynamic management, with a very limited period of relative hypotension. The radiological picture is consistent with previous descriptions of PRES from other various aetiologies. To the best of our knowledge, this is the first description of brain death directly associated with sepsis-related impaired cerebral blood flow autoregulation. As illustrated by the present case, PRES can lead in some instances to irreversible brain damage. This case also emphasises the difficulties in the management of arterial blood pressure when PRES is suspected in a septic patient.
